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DESCRIPTION 

PACKET DATA TRANSMISSION IN A MIMO SYSTEM 

5 The present invention relates to a packet data transmission system and 

further relates to primary and secondary stations for use in such a system and 
to a method of operating such a system. The present invention has particular, 
but not exclusive, application to UMTS (Universal Mobile Telecommunication 
System) otherwise referred to as 3GPP. 

10 

For packet radio in UMTS it has been proposed for High Speed 
Downlink Packet Access (HSDPA) that MIMO (Multiple Input Multiple Output 
antenna systems) be used. One example of a MIMO system is described in 
United States Patent 6,067,290 in which the presence of multiple antennas 

15 enables spatial multiplexing whereby a data stream for transmission is split 
into a plurality of sub-streams, each of which is sent via many different paths. 
Another example, known as the BLAST system, is described in the paper "V- 
BLAST: an architecture for realising very high data rates over the rich- 
scattering wireless channel" by P W Wolniansky et al in the published papers 

20 of the 1998 URSI International Symposium on Signals, Systems and 
Electronics, Pisa, Italy, 29 September to 2 October 1 998. 

The performance gains which may be achieved from a MIMO system 
may be used to increase the total data rate at a given error rate, or to reduce 
the error rate for a given data rate, or some combination of the two. A MIMO 

25 system can also be controlled to reduce the total transmitted energy or power 
for a given data rate and error rate. 

One area in which MIMO techniques may be applied is a High-Speed 
Downlink Packet Access (HSDPA) scheme, which is currently being developed 
for UMTS and which may facilitate transfer of packet data to a secondary 

30 station, for example a mobile station, at over 4Mbps. In one proposed 
embodiment of HSDPA separate data streams using the same channelisation 
code are sent from respective antennas at a primary station, for example a 
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base station, and the data streams can in principle be received and decoded 
by a secondary station having at least as many antennas as there are data 
streams. An ARQ (Automatic Repeat reQuest) scheme is needed to ensure 
correct delivery of each data packet, since accurate data transmission is 

5 viewed as more important than the reduced system throughput under poor 
channel conditions (due to multiple re-transmissions). 

A problem with the use of a MIMO system for packet data transmission 
is the impact of differing radio link qualities on the communication system. The 
scheme can perform well with low interference levels but not with high 

10 interference levels such as will occur near a cell border where interference 
from primary stations in adjacent cells will greatly reduce throughput. 

It is an object of the present invention to mitigate the effect of such 
interference in packet data transmission. 

15 According to a first aspect of the present invention there is provided a 

method of operating a packet data transmission system comprising a primary 
station having a plurality of antennas and at least one secondary station 
having a plurality of antennas, the method comprising the primary station 
transmitting packet data on signal paths between pairs of primary and 

20 secondary station antennas, the secondary station monitoring its radio 
environment and sending information about its radio environment to the 
primary station, the primary station in response to this information adapting 
itself and the secondary station configuring its receiver resources for 
processing the received data and interference. 

25 According to a second aspect of the present invention there is provided 

a packet data transmission system comprising a primary station having a 
plurality of antennas, signal transmitting and receiving means and means for 
adapting itself in response to a received signal from a secondary station, and 
at least one secondary station having signal transmitting and receiving means, 

30 a plurality of antennas, means for monitoring its radio environment and for 
transmitting a signal including information about its radio environment, and 
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means for configuring its receiver resources for processing data signals 
received from the adapted primary station and interference. 

The present invention is based on recognition of the fact that some of 
the receiver resources in a secondary station designed to receive MIMO 

5 transmissions can be used for interference cancellation. However the 
allocation of these resources depends on the interference conditions at the 
secondary station, which conditions vary for example due to the current 
position of the secondary station in its cell and the proximity of an interfering 
primary station in an adjacent cell. Therefore the secondary station monitors 

10 the conditions and makes a decision as to what resources, for example 
number or choice of its antennas, it would prefer to use to receive packet data 
from the primary station and notifies the primary station by way of uplink 
signalling. Some or all of the receiver's resources not allocated in this way may 
be used in interference cancellation of signals from primary station(s) in 

15 adjacent cells. However the decision concerning the allocation of resources is 
dynamic in so far that it is likely to be changed due to the conditions varying. 

According to a third aspect of the present invention there is provided a 
secondary station for use in a packet data transmission system comprising a 
primary station having a plurality of antennas and signal transmitting and 

20 receiving means, the secondary station having signal transmitting and 
receiving means, a plurality of antennas and means for monitoring its radio 
environment and for transmitting a signal including information about its radio 
environment, and means for configuring its receiver resources for processing 
received data signals and interference. 

25 According to a fourth aspect of the present invention there is provided a 

primary station for use in a packet data transmission system, the primary 
station comprising a plurality of antennas, signal transmitting and receiving 
means, and means responsive to a received signal from a secondary station 
for adapting the mode of transmission of the signals transmitted to the 

30 secondary station. 
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The present invention will now be described, by way of example, with 
reference to the accompanying drawings, wherein: 

Figure 1 is a diagram of a cellular communications system; 
5 Figure 2 is a block schematic diagram of a MIMO system without 

interference; 

Figure 3 is a block schematic diagram of a MIMO system with 
interference; 

Figure 4 is a block schematic diagram of a MIMO system with 
10 interference cancellation by a secondary station; 

Figure 5 is a block schematic diagram of a simplified MIMO system with 
Interference cancellation; and 

Figure 6 is a flow chart illustrating an embodiment of the method in 
accordance with the present invention. 
15 In the drawings the same reference numerals have been used to 

indicate corresponding features. 

Referring to Figure 1, the illustrated cellular communications system 
comprises primary stations PS1, PS2, PS3, each of which consists of a 

20 plurality of antennas for use in MIMO transmission of data packets on a 
downlink channel in accordance with a transmission system such as HSDPA 
and a receiver for receiving uplink signals. The primary stations will be 
described in greater detail later with reference to Figure 2. The radio coverage 
areas C1, C2, C3, termed cells, of the primary stations are determined in part 

25 by topographical features which affect signal propagation. For convenience of 
illustration the cells are shown as equal sized regular hexagons. 

Secondary stations SS1 and SS2 are able to roam within the overall 
coverage area determined by the cells C1, C2, C3. Each secondary station 
SS1, SS2 comprises a plurality of antennas which may be used for MIMO 

30 reception and a transmitter for sending uplink signals. 

The operation of the cellular communications system is conducted in 
accordance with a standard such as UMTS, details of which are incorporated 
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by way of reference. Consequently aspects such as handover will not be 
discussed in the present specification as they are not relevant to the 
understanding of the present invention. 

Taking the secondary station SS1 as an example, as it roams within the 

5 cell C1 , the quality of reception of the MIMO signals transmitted by the primary 
station PS1 will vary according to not only the distance from the primary station 
PS1 but also the distance from the primary station PS2 in the adjoining cell C2. 
As the secondary station SS1 approaches the notional boundary between the 
cells C1 ,C2 the level of interfering signals 10 transmitted by the primary station 

10 PS2 increases and has an adverse effect on the reception quality of the 
wanted signal 12 received from the primary station PS1. Effective interference 
cancellation of the interfering signals 1 0 can be implemented by the secondary 
station SS1 because the format of the signals 10 is known. 

Referring to Figure 2, the illustrated example of a MIMO system 

15 comprises a primary station PS1 having a single source 14 of data coupled to 
a multiplexer 16 having four outputs coupled to respective transmitters Tx1, 
Tx2, Tx3, Tx4, each having its own antenna PA1 , PA2, PA3, PA4. In operation 
separate packet data streams using the same channelisation code may be 
transmitted on a downlink by respective ones of the transmitters Tx1 to Tx4. 

20 Although not shown in the drawing, the primary station has a receiver for 
receiving uplink signals and a processor for controlling the operation of the 
primary station PS1. 

An in-range secondary station SS1 present in the same cell as the 
primary station PS1 receives the separate packet data streams, decodes 

25 them and combines the decoded data. As an example, the secondary station 
SS1 comprises as many radio receivers Rx1, Rx2, Rx3, Rx4 as there are 
transmitters Tx1 to Tx4. Each of the receivers Rx1 to Rx4 has its own antenna 
SA1 to SA4. The received signals are passed to a processing stage 18 which 
recovers the transmitted packet data streams and recombines the data. The 

30 processing stage 18 also causes other functions to be carried-out such as 
monitoring the quality of the downlink channels, selecting modes of operation 
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of the antennas SA1 to SA4 and their associated receivers Rx1 to Rx4 and the 
transmitting of uplink signals by way of a transmitter, not shown. 

In the simplest case, each data stream is mapped to a separate one of 
the antennas PA1 to PA4, which is appropriate for spatially uncorrelated radio 

5 channels. However the mapping may take into account the quality of the 
downlink path between each pair of the antennas, that is one of antennas PA1 
to PA4 and one of antennas SA1 to SA4. 

Referring to Figure 3 which shows a 4 X 4 MIMO arrangement, wanted 
downlink signals WS1 to WS4 are subject to the combined power of two 

10 interferes (or interfering signals) IS1, IS2 produced by transmitters Tx21 and 
Tx22 of a primary station PS2 located in an adjacent cell. For the sake of 
completeness, the primary station PS2 includes a data source 24 coupled to a 
multiplexer 26 which supplies respective data streams to the transmitters 
Tx21 , Tx22, each of which has an antenna PA21 , PA22. 

15 The combined power of the two interferers IS1, IS2 degrades the 

combined wanted signal received at the secondary station SS1. In order to 
reduce, and preferably eliminate, the effect of these interferers, some of the 
receiver resources are allocated to interference cancellation. This is shown in 
Figure 4. 

20 In general the number of interference sources which can be cancelled 

by for example linear combination of antenna outputs is equal to the number of 
receiver antennas minus the number of wanted signals to be received. In 
Figure 4 the secondary station SS1 has configured its receiver resources for 
receiving wanted downlink signals WS1 and WS3 from transmitters Tx1 and 

25 Tx3 of the primary station PS1 and is also cancelling interference from the 
interferers IS1, IS2. 

In selecting transmitted signals for reception and interferers for 
cancellation, the secondary station SS1 may use one or more criteria 
determined by the secondary station SS1 , for example, (1) level of interference 

30 in channels between pairs of interfering transmitter and receiver antennas, (2) 
the transfer functions of channels between pairs of transmitter and receiver 
antennas, (3) channel quality for selected transmission formats, (4) the 



WO 2004/030238 



PCT/IB2003/003985 



7 

secondary station selecting the antenna coefficients for virtual antennas in 
order to optimise some parameter or parameters (for example minimise 
interference, maximise expected throughput), and (5) the number (or effective 
number) of receive antennas at the secondary station being a dynamic 
5 quantity. 

Once the secondary station has made a contemporaneous decision 
how it would like to allocate its receiver resources it transmits the relevant 
information as an uplink signal. The relevant information can take a multitude 
of forms, for example, (a) interference level at each of the receiver antennas 

10 SA1 to SA4, (b) the interference level defined with respect to a reference, 
where the reference for interference could be one receive antenna, (c) 
interference information for selected antennas only, (d) any one of (a) to (c) 
above with selection of antennas based on interference (for example, lowest 
interference level), (e) any one of (a) to (c) above with selection of antennas 

15 based on interference after cancellation (for example lowest interference level 
after cancellation using one or more spare receive antennas), (f) the transfer 
function between each pair of transmit and receive antennas, where the 
transfer function could be limited to a single complex number, (g) transfer 
function normalised with respect to interference level at a receiving antenna, 

20 (h) transfer function defined with respect to a reference, where the reference 
for transfer function could be one antenna pair, (i) transfer function information 
for selected pairs of antennas only, (j) any one of (f) to (i) above with the 
selection of antenna pairs based on transfer function (for example, lowest path 
loss), (k) transfer function normalised with respect to interference level at the 

25 receiving antenna, after cancellation, (I) any one of (f) to (k) above with 
selection of antenna pairs based on transfer functions after interference 
cancellation, (m) the channel quality for each antenna pair for each possible 
transmission format and allocation of resources, (n) channel quality defined in 
terms of SNR for each antenna pair, (o) channel quality defined in terms of bit 

30 rate achievable (that is code rate), (p) channel quality defined in terms of a 
recommended transmission format, (q) channel quality information for selected 
transmission formats only, (r) any of (m) to (q) above with selection of 
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transmission formats based on expected throughput, (s) any of (m) to (q) 
above with selection of transmission formats from among a sub-set of possible 
formats, (t) any of the above with receive antennas as "virtual antennas" 
derived from linear combinations of signals from real antennas at the 

5 secondary station, (u) any of the above with the number of virtual antennas 
less than or equal to the number of real antennas, (v) any of the above with 
the secondary station selecting the coefficients to obtain virtual antennas in 
order to optimise some parameter or parameters (for example minimise 
interference, maximise expected throughput), (w) any or none of the above 

10 where the number of receive antennas the secondary station indicates to the 
primary station depends on channel conditions, (x) maximum desired number 
of receivable transmission antennas, and (y) specific selection of transmit 
antennas. 

The primary station in response to the uplink signals may adapt (1) the 
15 transmission scheme in general (for example space time coding, diversity, 
MIMO techniques, mapping of data to antennas, power allocation), (2) the 
number of transmit antennas used, (3) the allocation of the transmit antennas, 
and (4) allocation of (unused) antennas to signals for other users. 

Depending on the desired speed of response by the primary station, at 
20 least part of the relevant information could be signalled at the physical layer 
which will produce a faster response than using say the protocol layer. 

Figure 5 illustrates a simplified MIMO system with interference 
cancellation. In order to illustrate the operation of the interference cancellation 
scheme mathematically the wanted signal is referenced "s", the interfering 
25 signal is referenced "i", and the secondary station antennas are referenced "A" 
and "B", respectively. 

The channel transfer functions are: hjA, hie, h S A and h S B- 
If the received signals at antennas A and B are combined with weights 
"1" and "a", respectively, the receiver output is: 
30 s.h S A + i.hjA + s.a.h S B + i.a.h iB 

With no noise, interference cancellation is obtained by choosing: 
a = -IWhjB 
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In this case the wanted signal would be: 
s(hsA-(hsB.hi A /hiB)) 

The channel coefficients could be obtained by measurement of pilot 
symbols from each of the antennas. This approach can be extended to 

5 calculation of optimum combining weights in the presence of noise, and with 
more than one transmitter antenna in operation. 

In applying this concept to a combination of MIMO and HSDPA in a 
system such as UMTS, the primary station would select the modulation, coding 
scheme and other relevant characteristics to be used in the downlink for 

10 transmission to a predetermined secondary station. This selection would take 
into account channel information provided by the secondary station. In making 
the selection the primary station would decide on the use of one or more 
antennas and whether MIMO (or other diversity techniques) would be used. 

The channel information could be provided in terms of the received 

15 (complex) amplitude of the pilot symbols sent from the primary station, 
together with the interference level at the secondary station. Optionally it is 
possible to normalise the pilot amplitude by the interference level, allowing for 
different interference at each antenna. 

If the primary station is to make the decision on how many transmit 

20 antennas to use, it would need to know all of the channel coefficients 
(including those for the interferer) as well as the capability of the secondary 
station to cancel interference. This would require a significant signalling load. 

Allowing the secondary station to make all or some of the decisions 
would reduce the potential signalling load. 

25 If a particular signalled pilot amplitude is assigned to indicate a low or 

zero pilot amplitude, this value could also be used by the mobile to indicate 
that the corresponding antenna should not be used for transmission. This 
would allow the secondary station to at least partly determine how many 
transmit antennas are to be used by the primary station. Therefore the 

30 secondary station could ensure that it had sufficient resources to carry out 
interference cancellation (if needed). 
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In another situation, if full MIMO is applied (using all the receiver 
antennas), the secondary station might determine that only part of the 
downlink data can be reliably recovered. If so, the secondary station may be 
able to use the resulting extra degree(s) of freedom to cancel interference. 
5 Referring to Figure 6, the flow chart comprises a block 30 which relates 

to a secondary station making measurements about its radio environment 
which measurements include measuring the channel characteristics between 
each path of the channel and measuring the characteristics of the interferes. 
Block 32 relates to the secondary station sending information about the 

10 measurements made to a primary station. This information may also include a 
recommendation on the transmission format to be used and/or the number of 
antennas or a specific choice of antennas or subset of antennas. Block 34 
relates to the primary station making a decision on the transmission format 
and/or antennas to be used. In one example of making a decision the primary 

15 station follows the recommendation of the secondary station which has the 
advantage of reducing the amount of downlink signalling that may be 
necessary. In another example the primary station informs the secondary 
station what it is going to do which may be part or all of the secondary station's 
recommendation. Finally block 36 relates to the secondary station deciding 

20 what to do with the received transmissions and interference and configuring its 
receiver resources accordingly. 

Depending on the implementation of the MIMO system the secondary 
station may have more or less autonomy in the decision making. 

Although the present invention is aimed at a FDD mode of operation it 

25 can be applied to a TDD mode if the uplink and downlink channel use different 
time slots at the same frequency. In the TDD mode the channel will be 
reciprocal and the need for the signalling of channel information reduced. 

The roles performed by a primary station in the above description may 
in practice be the responsibility of a variety of parts of the fixed infrastructure, 

30 for example a "Node B", which in UMTS is the part of the fixed infrastructure 
directly interfacing with a secondary station, or at a higher level in the Radio 
Network Controller (RNC). In this specification, the use of the term "primary 
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station" should therefore to be understood to include the parts of the network 
fixed infrastructure involved in an embodiment of the present invention. 

Although the description above relates to certain roles for a primary 
station and a secondary station, it will be understood that these roles may be 
5 reversed in some embodiments of the present invention. 

In the present specification and claims the word "a" or "an" preceding an 
element does not exclude the presence of a plurality of such elements. Further, 
the word "comprising" does not exclude the presence of other elements or steps 
than those listed. 

10 From reading the present disclosure, other modifications will be 

apparent to persons skilled in the art. Such modifications may involve other 
features which are already known in the design, manufacture and use of 
packet data transmission systems and component parts thereof and which 
may be used instead of or in addition to features already described herein. 
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CLAIMS 

1. A method of operating a packet data transmission system 
5 comprising a primary station (PS 1) having a plurality of antennas (PA1 - PA4) 
and at least one secondary station (SS1) having a plurality of antennas (SA1 - 
SA4), the method comprising the primary station (PS1) transmitting packet 
data on signal paths between pairs of primary and secondary station 
antennas, the secondary station (SS1) monitoring its radio environment and 
10 sending information about its radio environment to the primary station, the 
primary station (PS1) in response to this information adapting itself and the 
secondary station (SS1) configuring its receiver resources (RX1 - RX4) for 
processing the received data and interference. 

15 2. A method as claimed in claim 1, characterised in that the 

secondary station (SS1) recommends to the primary station (PS 1) how it 
should adapt itself. 

3. A method as claimed in claim 2, characterised in that the 
20 secondary station (SS1) recommends that the primary station (PS 1) use a 

particular subset of antennas for transmitting packet data. 

4. A method as claimed in claim 2 or 3, characterised in that the 
secondary station (SS 1) recommends the maximum desired number of 

25 receivable transmission antennas to be used by the primary station (PS 1 ). 

5. A method as claimed in any one of claims 2 to 4, characterised in 
that the secondary station (SS 1) recommends the transmission format to be 
used by the primary station (PS1). 

30 



WO 2004/030238 



PCT/IB2003/003985 



13 

6. A method as claimed in any one of claims 2 to 5, characterised in 
that the primary station (PS1) adapts itself as recommended by the secondary 
station (SS1). 

5 7. A method as claimed in any one of claims 1 to 6, characterised in 

that the secondary station (SS1) determines the resources to be used for 
receiving packet data and the resources to be used for interference 
suppression. 

io 8. A method as claimed in any one of claims 1 to 7, characterised in 

that the secondary station (SS1) monitors the transfer function of the paths 
between the primary and secondary stations antennas (PA1 - PA4, SA1 - 
SA4). 

15 9. A method as claimed in any one of claims 1 to 8, characterised in 

that the information about the radio environment of the secondary station 
(SS1) includes characteristics of the interference present at one or more 
antennas (SA1 - SA4) of the secondary station (SS1). 

20 10. A packet data transmission system comprising a primary station 

(PS1) having a plurality of antennas (PA1 - PA4), signal transmitting (TX1 - 
TX4) and receiving means (16) and means for adapting itself in response to a 
received signal from a secondary station (SS1), and at least one secondary 
station (SS1) having signal transmitting and receiving means (RX1 - RX4), a 

25 plurality of antennas (SA1 - SA4), means (18) for monitoring its radio 
environment and for transmitting a signal including information about its radio 
environment, and means (18) for configuring its receiver resources (RX1 - 
RX4) for processing data signals received from the adapted primary station 
(PS1) and interference. 

30 

11. A system as claimed in claim 9, characterised in that the 
monitoring means (18) comprises means (18) for determining the transfer 
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functions of the radio paths between the primary station and secondary 
stations. 

12. A secondary station (SS1) for use in a packet data transmission 
5 system comprising a primary station (PS1) having a plurality of antennas (PA1 

- PA4) and signal transmitting (TX1 - TX4) and receiving means, the 
secondary station (SS1) having signal transmitting and receiving (RX1 - RX4) 
means, a plurality of antennas (SA1 - SA4) and means (18) for monitoring its 
radio environment and for transmitting a signal including information about its 

10 radio environment, and means (18) for configuring its receiver resources (RX1 

- RX4) for processing received data signals and interference. 

13. A primary station (PS1) for use in a packet data transmission 
system, the primary station (PS1) comprising a plurality of antenna (PA1 - 

15 PA4), signal transmitting (TX1 - TX4) and receiving means, and means (16) 
responsive to a received signal from a secondary station (SS1) for adapting 
the mode of transmission of the signals transmitted to the secondary station. 
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